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(57) ABSTRACT 

An ultrasonic sensor having a pair of ultrasound transducers 
adapted to be inserted in and being able to perform at a 
single site of introduction into a duct. The ultrasonic sensor 
measures a forWard ultrasonic path transit time and a second 

reverse ultrasonic path transit time of ultrasound signals 
propagating in a ?uid. The arrangement being such that a 
comparison of the signal associated With ultrasound travel in 
one direction With that of the signal associated With ultra 
sound travel in the opposite direction enables the ?oW rate 
of the ?uid in the duct to be determined. The ultrasonic 
sensor may utilize a curved re?ecting surface on the duct and 
a re?ective surface of an ultrasonic sensor end cap to provide 
forWard and reverse ultrasonic W-shaped paths. 

21 Claims, 7 Drawing Sheets 
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FIGURE 3 
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Remove existing ?uid sensor 
from an existing duct 
assembly, 

710 

V 

A retro?t assembly consisting 
of precision machining 
equipment and a boot 
structure with a mounting 
?ange is mounted to the duct 
assembly. I 

720 

A precision machining tool is 
used to machine the curved 
reflecting surface. 

730 

A vacuum source attached to 
the retro?t assembly is used 
to remove the metal shards 
from the boot structure. 

740 
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An ultrasonic sensor is then 
installed 

750 

Figure 7 
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SINGLE-BODY DUAL-CHIP ORTHOGONAL 
SENSING TRANSIT-TIME FLOW DEVICE 
USING A PARABOLIC REFLECTING 

SURFACE 

BACKGROUND 

1. Technical Field 

An embodiment of the present invention generally relates 
to an ultrasonic ?oW sensor. More particularly, an embodi 
ment of the present invention relates to a transit-time ultra 
sonic ?oW sensor With a parabolic re?ecting surface to 
measure a ?oW rate. 

2. Discussion of the Related Art 
The use of the insertion monitoring devices to measure 

?uid ?oW rate are restricted by cost and practical problems. 
For example, in one knoWn insertion metering device, a 
probe is inserted into a duct through a hole or valve opening 
in the duct Wall. The probe comprises a rod Which carries a 
turbine or electromagnetic sensing element on its tip. The 
sensing element can take a point measurement indicative of 
the ?oW in a part of the duct at a point in time. HoWever, 
because the ?oW in the duct is unknown, (varying both in 
pro?le across the cross-section of the duct and With time) 
several measurements must be taken at different points in the 
cross-section of the duct and at different times. An average 
can then be built up Which Would approximate the average 
?oW rate. Its accuracy is limited by the dif?culty in aligning 
the sensing element correctly along the axis of the duct. 

In order to obtain reasonably accurate results, the prior art 
insertion technique requires that measurements be taken at 
several positions across at least one diameter of the duct. 
HoWever, it has been found that in practice Where ?oW 
pro?les are distorted, it is necessary to measure across more 
than one diameter (i.e. tWo orthogonal diameters) to provide 
sufficiently accurate results Which can be used for calibra 
tion. This introduces severe problems When the duct system 
is installed underground, as it requires that a large chamber 
must be excavated around the duct in order to alloW access 
for separate circumferentially spaced holes in the duct to be 
made to alloW the orthogonal measurements to be made. 
Additional problems may be encountered With duct systems 
installed in aircraft Where access may also be dif?cult. 
A further problem With the prior art technique is that the 

surface area of the rod Which supports the sensing element 
forms a variable blockage in the duct as the element is 
moved across the diameter. This blockage affects the results 
by altering the ?oW pro?le in the duct and increases turbu 
lence. Furthermore, the process of taking the many mea 
surements required is subject to variability due to the often 
dif?cult operating conditions in Which the measurements 
must be made. For example, the insertion probe operator 
may be Working in a Water ?lled, muddy pit Which makes it 
dif?cult to obtain the various readings With any certain 
degree of accuracy. 

Several different sensor con?gurations have also been 
used including: 1) direct measurement of a propagation time 
of a pulse emitted by a ?rst transducer and received by a 
second transducer, Where the change in time is a function of 
?uid ?oW rate; 2) dual “sing-around” sound velocimeters, 
Where the difference in “sing-around” frequency betWeen 
the velocimeters is a function of the ?uid ?oW rate; 3) 
sensors producing continuous Waves using tWo Widely dif 
ferent high frequency carriers but commonly modulated 
With another much loWer frequency signal, Where the phase 
difference of the modulated signal on the received carriers is 
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2 
a function of the ?uid ?oW rate; and 4) sensors producing 
bursts of continuous Waves, using a single frequency on a 
pair of transducers, the burst duration being less than the 
acoustic propagation time betWeen the transducers, Where 
the time betWeen the received transmissions is a function of 
?oW rate. 

Transit-time ultrasonic ?oW sensors, also knoWn as “time 
of-?ight” ultrasonic ?oW sensors, detect the acoustic propa 
gation time difference betWeen upstream and doWnstream 
ultrasonic transmissions, resulting from movement of ?oW 
ing ?uid, and process this information to derive a ?uid ?oW 
rate. 

Transducers of transit-time ultrasonic ?oW sensors are 
most often ?eld mounted. They are generally individually 
attached to the outside of a pipe. Unlike other types of 
ultrasonic ?oW sensors, such as Doppler ultrasonic ?oW 
sensors, transit-time ultrasonic ?oW sensors typically do not 
require placing a transducer inside a pipe in order to make 
a ?oW measurement. HoWever, measurement accuracy may 
be compromised by a multitude of factors, such as pipe Wall 
integrity, pipe surface condition, and distance betWeen trans 
ducers. 

Even When the transducers are in contact With the ?uid 
being measured (Wetted), the transducers may become 
misaligned, i.e., disposed at the Wrong distance or angle, 
resulting in measurement error. Thus, sensors having Wetted 
transducers are typically equipped With supporting electron 
ics that include sophisticated diagnostics for con?rming 
proper installation and operation. Consequently, such sen 
sors are relatively expensive and have a reputation for 
occasionally producing erroneous measurements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an ultrasonic ?oW sensor and a curved 
re?ecting surface according to an embodiment of the present 
invention; and 

FIG. 2 illustrates an ultrasonic ?oW sensor including an 
end cap according to an embodiment of the present inven 
tion. 

FIG. 3 illustrates an ultrasonic sensor system according to 
an embodiment of the present invention; 

FIG. 4 illustrates an ultrasonic sensor installed into an 
existing duct assembly according to an embodiment of the 
present invention; 

FIG. 5 illustrates an ultrasonic ?oW sensor including an 
end cap according to an embodiment of the present inven 
tion; 

FIG. 6 illustrates a retro?t assembly including a boot 
structure With a mounting ?ange according to an embodi 
ment of the present invention; and 

FIG. 7 illustrates a ?oW chart diagram for a method of 
installing an ultrasonic sensor into an existing duct assembly 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

Reference in the speci?cation to “one embodiment”, “an 
embodiment”, or “another embodiment” of the present 
invention means that a particular feature, structure or char 
acteristic described in connection With the embodiment is 
included in at least one embodiment of the present invention. 
Thus, appearances of the phrase “in one embodiment” or 
“according to an embodiment” appearing in various places 
throughout the speci?cation are not necessarily all referring 
to the same embodiment. LikeWise, appearances of the 
phrase “in another embodiment” or “according to another 
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embodiment” appearing in various places throughout the 
speci?cation are not necessarily referring to different 
embodiments. 

Referring to FIG. 1, embodiments of the present invention 
are directed to an ultrasonic sensor 100 adapted to be 
inserted into a duct 130, the ultrasonic sensor 100 having 
ultrasound transducers 105, 110 and being able to perform at 
a single site of introduction into the duct 130. The ?oW 
sensor measures a forWard ultrasonic path transit time 
having a component of travel of ultrasound in a forWard 
direction relative to a ?uid ?oW 155, i.e., an axial direction 
relative to the region of the duct 130 Where the sensor 100 
is inserted, and also being able to perform a second reverse 
path transit time measurement having a component of travel 
of ultrasound in a second axial direction opposite to the ?rst 
axial direction, the arrangement being such that a compari 
son of the signal associated With ultrasound travel in one 
axial direction With that of the signal associated With ultra 
sound travel in the opposite axial direction enables the ?oW 
rate of ?uid in the duct to be determined. 

The ultrasonic sensor 100 requires at least one ultrasound 
transmitter and detector pair 105, 110 for each forWard or 
reverse measurement. Embodiments of the present invention 
use the same transducer 105, 110 to transmit and detect. 
Therefore, tWo transducers 105, 110 each capable of trans 
mitting and detecting may measure both the forWard and the 
reverse transit times. 

Embodiments of the present invention may use pieZoelec 
tric transducers to generate or receive the acoustic signals. 
Piezoelectric transducers, in the case of a receiver, convert 
force or mechanical stress into electric charge Which in turn 
may be converted into a voltage. Conversely, if a voltage is 
applied to a pieZoelectric transducer the resultant electric 
?eld Will cause a deformation of the crystal material to 
generate an acoustic signal. The frequency range of the 
ultrasound signals may be up to 5 MhZ. 

The ?rst transducer 105 may comprise the transmitter of 
one forWard path transmitter/receiver pair and the receiver 
of another reverse transmitter/receiver pair. The second 
transducer 110 may comprise the receiver of the forWard 
transmitter/receiver pair and the transmitter of the reverse 
transmitter/receiver pair. 

Referring to FIG. 2, the tWo transducers 105, 110 are 
mounted and spaced apart by a distance L1 Within a housing 
111. An end cap 115 is hermetically sealed to the housing 111 
to enclose and isolate the transducers 105, 110 from the 
?oWing ?uid 155. Adistance L2 betWeen the end cap surface 
116 in contact With the ?oWing ?uid 155 and the emitting 
surface of the transducers 105, 110 is equal to (n/2)7», Where 
7» is a Wavelength of the transmitted signal, and n is an 
integer. For example, resonance transmission of an acoustic 
signal occurs for n=1 and L2=V2}». A distance L3 betWeen the 
end cap surface 116 in contact With the ?oWing ?uid 155 and 
a point on the housing 111 located betWeen the transducers 
105, 110 is equal to (%+n/2)7», Where 7» is a Wavelength of 
the transmitted signal, and n is an integer. For example, 
resonance re?ection of an acoustic signal occurs for n=2 and 

L3=1.75 A. 
Referring to FIG. 1, the ultrasonic sensor 100 is adapted 

to measure the transit times of an ultrasonic pulse in the 
forWard and reverse directions of a W shaped path 190 or a 
V shaped path 191. The transit time difference in the forWard 
and reverse directions of ultrasound travel along the W paths 
190 or V paths 191 may be used to calculate the ?oW rate of 
?uid in the duct 130. 

To calculate the ?oW rate from the transit times along each 
W shaped 190 or V shaped 191 transmission path, the 
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4 
difference betWeen the transit times in the directions along 
the paths in the forWard and reverse times may be used. An 
approximately proportional relationship exists betWeen tran 
sit time and ?oW. For example, for a V shaped path: 

Where: 
V=mean velocity of ?oWing ?uid 
K=constant 
D=inner diameter of pipe or duct 
®=incident angle of ultrasonic signal 
T0=Zero ?oW transit time 

T1=transit time of acoustic signal from upstream trans 
ducer to doWnstream transducer 

T2=transit time of acoustic signal from doWnstream trans 
ducer to upstream transducer 

'c=transit time of acoustic signal through pipe or duct Wall 
and lining 
In addition to the above formula, the ?oWing ?uid velocity 
(Vf) can be determined by the folloWing equation: 

Where K is a calibration factor for the volume and time units 
used, dt is the time differential betWeen upstream and 
doWnstream transit times, and TL is the Zero-?oW transit 
time. Theoretically, transit-time ultrasonic meters can be 
very accurate (inaccuracy of 10.1% of reading has been 
reported). The error in these measurements is limited by 
both the ability of the signal processing electronics to 
determine the transit time and by the degree to Which the 
electrical signal used to generate the acoustic signal is 
constant i.e, a sonic velocity (C) that is constant. The speed 
of sound in the ?uid is a function of the stability of the 
electrical signal used to generate the acoustic signal, the 
density of the ?uid and the temperature of the ?uid. 

Therefore, relatively simple electronic circuitry may be 
employed to extract ?oW data. For example, an electronic 
transmitting and receiving device 200 may be used, con 
nected to the transducers 105, 110 via Wires 112 Which pass 
through the housing 111 and may be sealed by epoxy. The 
electronics 200 may be connected after the ?oW sensor 100 
is inserted (see FIG. 2). 

Preferably the ?uid ?oW sensor 100 i.e., the transducer 
pair 105, 110 contained Within the end cap 115, are adapted 
to be ?ush With a Wall of the duct 130 in use. This reduces 
the disturbance of the ?uid ?oW to provide a higher accuracy 
measurement of the ?uid ?oW rate (see also FIG. 3). 

Because the ultrasound path has at least tWo path envi 
ronments (forWard and reverse W paths 190, or forWard and 
reverse V paths 191) and because the ultrasound does travel 
through the ?uid in the duct axially (at least With an axial 
component) rather than a single point measurement of ?oW 
being obtained as in the prior art, the ?uid ?oW at several 
different points on the ultrasound path affects the signal that 
is measured. This provides a degree of built-in averaging or 
integration Which eliminates the need to obtain many mea 
surements at different points in the cross-section of the duct. 
Therefore, an amount of integration of the signal is inher 
ently present, Which provides a more accurate indication of 
?oW rate than single point measurements. In addition, 
because there is no need to make measurements at different 
points, the sensor does not need to be moved Which simpli 
?es the operation. A longer acoustic path provides a more 
accurate indication of ?oW rate. Therefore, a W shaped path 
provides a more accurate indication of ?oW rate than does a 
V shaped path. 
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Referring to FIG. 1, preferably, the ultrasonic sensor 100 
is adapted to use the re?ection of the ultrasound off of a 
curved re?ecting surface 120 on a Wall of the duct 130 and 
a re?ective surface 116 of the end cap 115 to create the 
forWard W shaped ultrasonic path 190 and the reverse W 
shaped ultrasonic path 190. The ultrasonic paths are beams 
of ultrasound. The ultrasonic sensor 100 operates to take the 
forWard and reverse ultrasonic path measurements from a 
stationary position. In addition, because there is no need to 
make measurements at different points, the sensor does not 
need to be moved Which simpli?es the operation. 

In a prior art transit time ?oW sensor, the choice of length 
L1 betWeen the ?rst transducer 105 and second transducer 
110 is dependent upon the diameter of the duct and orien 
tation angle 0t 157 of the transducers 105, 110. In use, 
signals are transmitted along paths betWeen the transducers 
105, 110, and in order for the ?rst and second transducers 
105, 110 to communicate When used in, for example, a 
circular duct 130, the relation L1=3 tan 0t D is preferable, 
Where D is the duct diameter and 0t 157 is the angle of 
inclination of the acoustic paths relative to axis 150 orthogo 
nal to the central axis 156 of the duct 130. This relationship 
arises because of the angle of re?ection of the signal from 
the duct Wall or Walls. 
As an example, given a duct diameter D=10 inches, if the 

angle of inclination 0t 157 is one degree, the signal path is 
one degree relative to axis 150 orthogonal to the central axis 
156 of the duct 130, and the separation L1 betWeen the ?rst 
transducer 105 and second transducer 110 is equal to 
approximately 1/2 inch. From the above, the length L1 should 
be correctly set for different duct diameters and should be 
adjustable if the sensor assembly is to be suitable for use 
With any duct diameter. 

FIG. 1 illustrates a ?oW sensor 100 utiliZing a parabolic 
or spherical re?ecting surface 120 according to an embodi 
ment of the present invention. The parabolic or spherical 
re?ecting surface 120 is located on the duct 130 Wall 
opposite the transducers 105, 110. The transducers 105, 110 
are oriented at an angle alpha 157 approximately equal to 
Zero relative to the axis 150 orthogonal to the central axis 
156 of the duct 130. Therefore, the initial path is in effect 
orthogonal to the duct axis 156. HoWever, the pair of 
transducers 105, 110 need not be absolutely adjacent one 
another (i.e. L1#0) because the acoustic signal diffracts 
(beam spreads) as it leaves the transducers 105, 110. In 
addition, the parabolic or spherical re?ecting surface 120 
serves to both redirect and focus the acoustic signal. 
When the acoustic signals are re?ected With a ?at re?ect 

ing surface, the received signal is a summation of the 
transmitted signal having taken more than one path because 
of diffraction (beam spreading). The relative magnitudes and 
phase relationships of the components of the received signal 
may cause increased noise and drift in the ?oW rate output 
signal. This problem may be reduced by curving the re?ect 
ing surface 120 facing the transducers in the direction along 
the axis 156 betWeen the transducers 105, 110 With a radius 
equal to approximately tWo times the distance betWeen the 
midpoint betWeen the transducers 105, 110 and re?ecting 
surface 120. Because this degree of curvature is very small, 
it should not affect ?uid ?oW sensing in most applications. 
The inside surface of a pipe Would not provide the same 
bene?t because its curvature is orthogonal to that desired. 

In this embodiment, the ?rst 105 and second 110 trans 
ducers launch acoustic signals at an angle alpha 157 
approximately equal to Zero, the acoustic signals impinge 
upon the parabolic or spherical re?ecting surface 120. 
Speci?cally, the ?rst transducer 105 launches a forward 
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6 
traveling acoustic signal at an angle alpha 157 approxi 
mately equal to Zero into the duct Which propagates through 
a forWard traveling ?uid 155 contained in the duct 130 until 
the acoustic signal re?ects off of the parabolic or spherical 
re?ecting surface 120. The acoustic signal is then re-directed 
back toWards the ?oW sensor 100 until it makes a second 
re?ection off of the end cap surface 116. This re?ection takes 
place at a re?ection point 117 located on the end cap 115 
midWay betWeen the central axis of the ?rst 105 transducer 
and the central axis of the second 110 transducer and occurs 
at an angle beta. The acoustic signal is then re-directed back 
toWards the parabolic or spherical re?ecting surface 120 to 
make a third re?ection off of the parabolic or spherical 
re?ecting surface 120. Again, the acoustic signal is then 
re-directed back toWards the ?oW sensor 100 until it then 
passes through the end cap surface 116 to reach the second 
transducer 110 also oriented at an angle alpha 157 approxi 
mately equal to Zero. 
The reverse W path 190 is similar. The second transducer 

110 launches a reverse traveling acoustic signal into the duct 
130 Which propagates through the forWard traveling ?uid 
155 contained in the duct 130 until the acoustic signal 
re?ects off of the parabolic or spherical re?ecting surface 
120. The acoustic signal is then re-directed back toWards the 
?oW sensor 100 until it makes a second re?ection off of the 
end cap surface 116. This re?ection takes place at the 
re?ection point 117 located on the end cap 115 midWay 
betWeen the central axis of the ?rst 105 transducer and the 
central axis of the second 110 transducer. The acoustic signal 
is then re-directed back toWards the parabolic or spherical 
re?ecting surface 120 to make a third re?ection. Again, the 
acoustic signal is then re-directed back towards the ?oW 
sensor 100 until it then passes through the end cap surface 
116 to reach the ?rst transducer 105. 
The curved re?ecting surface 120 as shoWn in FIG. 1 and 

FIG. 3 may be machined or formed into an interior surface 
during the initial fabrication of e.g., a duct, a manifold, or a 
pipe. Alternatively, the curved re?ecting surface 120 may be 
machined into an interior surface of e.g., an existing duct, 
manifold, or pipe in a “retro?t” process. 

FIG. 3 illustrates an ultrasonic sensor system 300 con 
sisting of a duct assembly 310, an ultrasonic sensor 100, a 
re?ecting surface 120, and connectors 320. Ultrasonic sen 
sor system 300 may be adaptable to an existing ?uid system. 
Connectors 320 may be any type of mating connector that 
Will provide a ?uid tight seal, for example, With an existing 
?uid system. The re?ective surface 116 of the end cap 115 
is ?ush With an interior surface 312 of the duct assembly 
310. This prevents any disturbance of a ?uid ?oWing 
through the duct assembly 310. Curved re?ecting surface 
120 may be machined into an interior surface 311 of the duct 
assembly 310 during the fabrication of duct assembly 310. 

FIG. 4 illustrates an ultrasonic sensor 100 installed into an 
existing duct assembly 410. Curved re?ecting surface 120 
may be machined into an interior surface 411 of duct 
assembly 410 during a “retro?t” installation of ultrasonic 
sensor 100 into duct assembly 410. Referring to FIG. 4 and 
FIG. 5, ultrasonic sensor 100 may include a standardiZed 
mounting ?ange 192 including four mounting holes 193 to 
accommodate four mounting screWs 194. The standardiZed 
mounting ?ange 192 replicates the mounting ?ange used on 
existing standardiZed ?uid sensors. This aids in the retro?t 
process Wherein an existing standardiZed ?uid sensor may 
be removed and replaced by an ultrasonic sensor 100. The 
end cap 115 of ultrasonic sensor 100 ?tting into the existing 
hole in the duct assembly 410 after removal of the existing 
standardiZed ?uid sensor. 
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Referring to FIG. 6, the retro?t installation may require 
the machining of a re?ecting surface 120 into an interior 
surface 411 of duct assembly 410. A retro?t assembly 450 
that may include precision machining equipment and a boot 
structure 451 With a mounting ?ange 452 mounts to the 
existing hole pattern in the duct assembly 410. The boot 
structure 451 serves to contain the metal shards created 
during a machining process preventing contamination of the 
existing duct assembly 410 during the retro?t process. 
Accurate alignment of the retro?t assembly 450 may be 
achieved by using the mounting ?ange 452 in conjunction 
With the existing mounting holes in the duct assembly 410. 
A curved re?ecting surface 120 may be machined into an 
interior surface 411 of duct assembly 410 using precision 
machining equipment that may be contained Within the 
retro?t assembly 450. 

FIG. 7 illustrates a ?oW chart diagram for a method of 
installing an ultrasonic sensor into an existing duct assem 
bly. An existing ?uid sensor is ?rst removed 710 from an 
existing duct assembly. A retro?t assembly 450 that may 
contain precision machining equipment and a boot structure 
451 With a mounting ?ange 452 is mounted 720 to the 
existing hole pattern in the duct assembly 410 using four 
bolts through the four bolt mounting ?ange 452 into the 
existing four mounting holes. The precision machining 
equipment that may be contained Within the retro?t assem 
bly is inserted 730 through the existing hole in the duct 
assembly 410 to machine the curved re?ecting surface 120. 
Any metal shards created during the machining process are 
contained Within the boot structure 451. The precision 
machining equipment is WithdraWn from the existing hole in 
the duct assembly 410 and a vacuum source that may also be 
contained Within the retro?t assembly 450 is used to remove 
740 the metal shards from the boot structure 551. An 
ultrasonic sensor 100 is then installed 750. The end cap 115 
of ultrasonic sensor 100 ?tting into the existing hole in the 
duct assembly 410. The standardiZed mounting ?ange 192 
including four mounting holes 193 accommodates four 
mounting screWs 194 secured to the duct assembly 410. 

While the description above refers to particular embodi 
ments of the present invention, it Will be understood that 
many modi?cations may be made Without departing from 
the spirit thereof. The accompanying claims are intended to 
cover such modi?cations as Would fall Within the true scope 
and spirit of an embodiment of the present invention. The 
presently disclosed embodiments are therefore to be con 
sidered in all respects as illustrative and not restrictive, the 
scope of an embodiment of the invention being indicated by 
the appended claims, rather than the foregoing description, 
and all changes that come Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 
What is claimed is: 
1. An ultrasonic ?oW detection apparatus, comprising: 
a ?rst transducer to transmit a signal; 

a second transducer to receive the signal; 
at least one end cap enclosing and isolating the ?rst 

transducer and the second transducer from a ?uid, the 
end cap having a re?ective surface located in contact 
With the ?uid; and 

a curved re?ecting surface to re?ect the signal to the 
re?ective surface. 

2. The ultrasonic ?oW detection apparatus according to 
claim 1, Wherein the signal transmitted by the ?rst trans 
ducer re?ects off of the re?ective surface. 

3. The ultrasonic ?oW detection apparatus according to 
claim 2, Wherein the signal transmitted by the ?rst trans 
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ducer re?ects off of the re?ective surface of the end cap back 
to the curved re?ecting surface. 

4. The ultrasonic ?oW detection apparatus according to 
claim 1, Wherein the signal transmitted by the ?rst trans 
ducer approximately traverses a W shaped path that extends 
from the ?rst transducer to the curved re?ecting surface to 
the re?ective surface to the curved re?ecting surface to the 
second transducer. 

5. The ultrasonic ?oW detection apparatus according to 
claim 1, Wherein a distance betWeen the re?ective surface 
and a point on an inner end cap surface located betWeen the 
?rst transducer and the second transducer is approximately 
equal to (%+n/2)7», Where 7» is a Wavelength of the trans 
mitted signal, and n is an integer. 

6. The ultrasonic ?oW detection apparatus according to 
claim 1, Wherein a distance betWeen a ?rst transducer 
surface or a second transducer surface and an end cap 
surface is approximately equal to (n/2)7», Where 7» is a 
Wavelength of the transmitted signal, and n is an integer. 

7. The ultrasonic ?oW detection apparatus according to 
claim 1, Wherein the signal travels generally in the direction 
of a ?uid ?oW and the signal is used to measure a rate of the 
?uid ?oW. 

8. The ultrasonic ?oW detection apparatus according to 
claim 1, Wherein the signal travels generally in a direction 
opposite the direction of a ?uid ?oW and the signal is used 
to measure a rate of the ?uid ?oW. 

9. An ultrasonic sensor system, comprising: 
a duct for providing a ?oW path for a ?uid in a ?oW 

direction; 
an ultrasonic ?oW sensor sealingly coupled to the duct, 

including: 
a ?rst transducer to transmit a signal, 
a second transducer to receive the signal, 
at least one end cap to enclose and isolate the ?rst 

transducer and the second transducer from the ?uid; 
and 

a curved re?ecting surface to re?ect the signal toWard a 
re?ective surface located on the end cap, Wherein the 
re?ective surface lies along an axis approximately 
half-Way betWeen the ?rst transducer and the second 
transducer, a path of the signal extends generally along 
a longitudinal axis of the duct parallel to the ?oW 
direction, the path extends from the ?rst transducer to 
the curved re?ecting surface to the re?ective surface to 
the curved re?ecting surface to the second transducer. 

10. The ultrasonic sensor system according to claim 9, 
Wherein the curved re?ecting surface is located on a duct 
Wall. 

11. The ultrasonic sensor system according to claim 9, 
Wherein the signal travels generally in the direction of the 
?uid path and the signal is used to measure a rate of ?uid 
?oW. 

12. The ultrasonic sensor system according to claim 9, 
Wherein the signal travels generally in a direction opposite 
the direction of the ?uid path and the signal is used to 
measure a rate of ?uid ?oW. 

13. The ultrasonic sensor system according to claim 9, 
Wherein a distance betWeen the re?ective surface and a point 
on an inner end cap surface located betWeen the ?rst 
transducer and the second transducer is approximately equal 
to (%+n/2)7», Where 7» is a Wavelength of the signal, and n is 
an integer. 

14. The ultrasonic sensor system according to claim 9, 
Wherein a distance betWeen a ?rst transducer surface or a 

second transducer surface and an end cap surface is approxi 
mately equal to (n/2)7», Where 7» is a Wavelength of the 
signal, and n is an integer. 
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15. A method of determining a ?oW rate of a ?uid in a 
duct, comprising: 

transmitting a signal from a ?rst transducer through an 
end cap and a ?uid, Wherein a path of the signal extends 
generally along a longitudinal axis of the duct parallel 
to a direction of ?uid ?oW, and the end cap encloses the 
?rst transducer and a second transducer and acts as a 
barrier to the ?uid; 

re?ecting the signal from a curved re?ecting surface; 
receiving the signal at the second transducer; 
measuring a ?rst time betWeen transmitting the signal in 

a forWard direction and receiving the signal; 
measuring a second time betWeen transmitting the signal 

from the second transducer in a reverse direction and 
receiving the signal at the ?rst transducer; and 

comparing the ?rst time to the second time to determine 
the ?oW rate of the ?uid. 

16. The method according to claim 15, Wherein the curved 
re?ecting surface is located on a Wall of the duct. 

17. The method according to claim 15, Wherein the path 
of the signal extends from the ?rst transducer to the curved 
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re?ecting surface to a re?ective surface to the curved re?ect 
ing surface to the second transducer, and the re?ective 
surface lies along an axis approximately half-Way betWeen 
the ?rst transducer and the second transducer. 

18. The method according to claim 17, Wherein a distance 
betWeen the re?ective surface and a point on an inner end 
cap surface located betWeen the ?rst transducer and the 
second transducer is approximately equal to (%+n/2)7», 
Where 7» is a Wavelength of the signal, and n is an integer. 

19. The method according to claim 18, Wherein a distance 
betWeen the ?rst transducer or the second transducer and an 
end cap surface is approximately equal to (n/2)7», Where 7» is 
a Wavelength of the signal, and n is an integer. 

20. The method according to claim 15, Wherein the signal 
travels generally in the direction of the ?uid ?oW and the 
signal is to used measure a rate of the ?uid ?oW. 

21. The method according to claim 15, Wherein the signal 
travels generally in a direction opposite the direction of the 
?uid ?oW and the signal is used to measure a rate of the ?uid 
?oW. 


